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(57) ABSTRACT

A light emitting diode (LED) is driven with a plurality of
pulses having controllable pulse widths and positions within
clock time periods that provide for both LED light intensity
control and digital information communications froma single
output node of an integrated circuit (IC) device. The LED
light intensity is determined by the duty cycle of the pulses
where the human eye integrates these light pulses from the
LED into continuous light intensity levels. The digital infor-
mation contained in the light output from the LED is detected
by a photo-detector that converts the light pulses into electric
signals that are demodulated and read by a circuit debugger
and/or manufacturing test station. The aforementioned opera-
tions allow continuous visual display and data transmission
using only one output node of the IC device. This is especially
advantageous when using low pin count IC devices.

17 Claims, 3 Drawing Sheets

...................................................... VAR
i Low Pin Count IC 110 i
106 :
|
! UART 104 | 112
! Digital Processor 108 .~ ’&(
| and Memory -
|
| LED Control ! 114
i l 132
e e i
122 116
i PAS—
| Debugger |
! 18 124 : 1o
' 126 D '
! N
Debugger D o g
Processor UART \




US 9,210,769 B2
Page 2

(56) References Cited
U.S. PATENT DOCUMENTS

2014/0217474 Al* 8/2014 Leeetal. ..o 257/225
2014/0252927 Al* 9/2014 Denny et al. . ... 312/209
2014/0265866 Al* 9/2014 Julicher et al. .. ... 315/149

2015/0054338 Al*

2015/0054863 Al*
2015/0069914 Al*
2015/0097489 Al*

* cited by examiner

2/2015

2/2015
3/2015
4/2015

Mohammed Suhura

etal. o 307/23
Tanaka et al. ................. 345/691
POP oo 315/113
Wuetal ..oooovvinninins 315/122



US 9,210,769 B2

Sheet 1 of 3

Dec. 8, 2015

U.S. Patent

I 3an31 ]
U U PPy P -
| |

A | |
IS - - - J10883201J _
/»/» w\ i 10pe[npoura( ] NRA40 133nqaq :
I I
bET - 7/ — :
ya 971 |
_ / 871 !
\ 0tl : 7! :
I 1983nqa( |
\H — e .
911 &4l
L e L U P P PR -
\W r4y | _ _
rit _ € [onuo) aAT1 |e _
: / R (1]11E) .
’ AN pue I
N 10EMPON 801 108535044 [eNSiq _
| .
ar /] g ava | _
_ 701 P !
: 901 7 _
_ 011 [ JUNO)) UL MO'T :
e e e o e o st e e e e e e et e e s e e e e e o e e e e e o e e e e b . —r — |
/
01



U.S. Patent

e

244
]
%%

2525
o
e

::::
o,
450

« 4 - 4
RIS £
o ¥ o
o o 0
fe fe
=5 =B

R
saleteele

Dec. 8, 2015

S R %% %: S

Logic “1”
LED Dim

Sheet 2 of 3

T
e tete ety
&5 255
2

::::
::’:’
a0

T
é%o
patele
!
by

ST
254503
2
Ialstens

£

Logic “0”
LED Dim

Logic “1”

-
_—
=1l
=
==}
a
=
-]

<]
<]

TRV
SIS

g

T
els!

<
4

¥y

il

Logic “0”
LED Bright

5
&

254535
atatety!

US 9,210,769 B2

| | | | | | |
| | | | | | |
Ck2 CK3 Ck4 CkS Ck6 Ck7 Ck8
Time —»
Figure 2

I
I
Ck1



U.S. Patent Dec. 8, 2015 Sheet 3 of 3 US 9,210,769 B2

o
L]
it

0
A
ey

ey

;’
!
S

o i,
ey
3555

&
6

]

Y
e
SRS

5
K%
ety
erarates

1
e
S
e
L

.
3
5%

o
k2%

5
S

-
.+

0
Figure 3

________ D 55555 I 55 S

Time —»

Start

z .
4 &
E
)

UART
LED High
Output



US 9,210,769 B2

1
CONSTANT BRIGHTNESS LED DRIVE
COMMUNICATIONS PORT

TECHNICAL FIELD

The present disclosure relates to low pin count integrated
circuit devices, and more particularly, to a single pin having
simultaneous dual uses on the integrated circuit package for
providing both status communications and visual display.

BACKGROUND

A low pin count integrated circuit application often
requires a light emitting diode (LED) for indication and/or
status. In addition, all low pin count integrated circuit devices
preferably have some type of communications channel dur-
ing development and final production.

SUMMARY

Therefore, there is a need for a way to provide both visual
indication and communications, .g., program operation, data
and/or status, for a low pin count integrated circuit applica-
tion.

According to an embodiment, a method for driving a light
emitting diode (LED) and transmitting digital information
using a single node of an integrated circuit device may com-
prise the steps of: generating a plurality of pulses from a
single node of an integrated circuit device; and coupling the
plurality of pulses from the single node of the integrated
circuit device to a light emitting diode (LED); wherein the
plurality of pulses from the single node of the integrated
circuit device control light intensity from the LED and trans-
mit digital information.

According to a further embodiment of the method, the light
intensity from the LED may be substantially proportional to
pulse widths of the plurality of pulses. According to a further
embodiment of the method, each of the plurality of pulses
may occur within two sequential clock times. According to a
further embodiment of the method, a level change for each of
the plurality of pulses may occur within two sequential clock
times. According to a further embodiment of the method, a
high to low level change may represent a logic 1 and a low to
high level change may represent a logic 0. According to a
further embodiment of the method, a low to high level change
may represent a logic 1 and a high to low level change may
represent a logic 0. According to a further embodiment of the
method, the level change representing a logic 1 may occur at
a different position within the two sequential clock times then
the level change representing a logic 0.

According to a further embodiment of the method, may
additionally comprise the steps of: converting light pulses
from the LED to electrical pulses with a photo-detector; cou-
pling the electrical pulses from the photo-detector to a data
reception device; and converting the electrical pulses from the
photo-detector back into the digital information.

According to another embodiment, an integrated circuit
device may comprise: a digital processor and memory; a
serial interface having an input coupled to the digital proces-
sor; alight emitting diode (LED) light intensity control circuit
having an input coupled to the digital processor; a modulator
having a first input coupled to an output of the serial interface
and a second input coupled to an output of the LED light
intensity control circuit; and a single node coupled to an
output of the modulator.
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According to a further embodiment, aLED may be coupled
to the single node. According to a further embodiment, a
current limiting resistor may be coupled between the LED
and the single node.

According to yet another embodiment, a system for driving
a light emitting diode (LED) and transmitting digital infor-
mation using a single node of an integrated circuit device may
comprise: an integrated circuit device generating a plurality
of pulses from a single node thereof; and a light emitting
diode (LED) coupled to the single node of the integrated
circuit device; wherein the plurality of pulses from the single
node of the integrated circuit device control light intensity
from the LED and transmit digital information.

According to a further embodiment, the light intensity
from the LED may be substantially proportional to pulse
widths of the plurality of pulses. According to a further
embodiment, each of the plurality of pulses occurs within two
sequential clock times. According to a further embodiment, a
level change for each of the plurality of pulses may occur
within two sequential clock times. According to a further
embodiment, a high to low level change may represent a logic
1 and a low to high level change may represent a logic 0.
According to a further embodiment, a low to high level
change may represent a logic 1 and a high to low level change
may represent a logic 0. According to a further embodiment,
the level change representing a logic 1 may occur at a differ-
ent position within the two sequential clock times then the
level change representing a logic 0.

According to a further embodiment, a photo-detector may
be used for converting light pulses from the LED to electrical
pulses; and a data reception device may be coupled to the
photo-detector and adapted for receiving the electrical pulses;
wherein the electrical pulses from the photo-detector may be
converted back into the digital information by the data recep-
tion device.

BRIEF DESCRIPTION OF THE DRAWINGS

A more complete understanding of the present disclosure
may be acquired by referring to the following description
taken in conjunction with the accompanying drawings
wherein:

FIG. 1 illustrates a schematic block diagram of a low pin
count integrated circuit device, according to a specific
example embodiment of this disclosure;

FIG. 2 illustrates schematic waveform timing diagrams to
produce various LED light intensity outputs, according to the
teachings of this disclosure; and

FIG. 3 illustrates schematic waveform timing diagrams for
high and low LED light intensity outputs when modulated
with digital signals from a UART as shown in FIG. 1, accord-
ing to a specific example embodiment of this disclosure.

While the present disclosure is susceptible to various modi-
fications and alternative forms, specific example embodi-
ments thereof have been shown in the drawings and are herein
described in detail. It should be understood, however, that the
description herein of specific example embodiments is not
intended to limit the disclosure to the particular forms dis-
closed herein, but on the contrary, this disclosure is to cover
all modifications and equivalents as defined by the appended
claims.

DETAILED DESCRIPTION

A light emitting diode (LED) is driven with a plurality of
pulses having controllable pulse widths and positions within
clock time periods that provide for both LED light intensity
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control and digital information communications from a single
output node of an integrated circuit (IC) device, e.g., low pin
count IC device. Serial information (e.g., data), e.g., from a
UART, and light intensity control of the LED are combined
together in a light intensity and digital information modulator.
The LED light intensity is controlled by the pulse output from
the light intensity and digital information modulator. The
human eye integrates light pulses from the LED into continu-
ous light intensity levels depending upon the pulse widths
thereof.

The digital information contained in the light output from
the LED is detected by a photo-detector that converts the light
pulses from the LED into electric signals that may be coupled
to a demodulator that may be associated with a circuit debug-
ger and/or manufacturing test station. The demodulated data
output from the demodulator may be read by a digital proces-
sor associated with the circuit debugger and/or manufactur-
ing test station. The aforementioned operations allow con-
tinuous visual display and data transmission using only one
output node (e.g., pin, ball bump, etc.) of the IC device. This
is especially advantageous when using low pin count IC
devices, e.g., encapsulated in low pin count IC device pack-
ages.

Referring now to the drawings, the details of specific
example embodiments are schematically illustrated. Like ele-
ments in the drawings will be represented by like numbers,
and similar elements will be represented by like numbers with
a different lower case letter suffix.

Referring to FIG. 1, depicted is a schematic block diagram
of a low pin count integrated circuit device, according to a
specific example embodiment of this disclosure. A low pin
count integrated circuit (IC) device 102 may comprise a digi-
tal processor and memory 110, a serial interface 106, e.g.,
UART, a LED light intensity control circuit 108 and a modu-
lator 104 for combining the outputs from the serial interface
106 and the LED light intensity control circuit 108 in a serial
stream of a plurality of pulses that may be applied to a LED
116 in series with a current limiting resistor 114. The output
from the modulator 104 is coupled to the LED 116/resistor
114 through a single node 112 associated with the IC device
102.

Light pulses from the LED 116 may be received by a
photo-detector 130 that converts these light pulses into elec-
tronic pulses that may be coupled to a demodulator 124 asso-
ciated with a data reception device 122, e.g., circuit debugger,
manufacturing test station, etc. Light from the LED 116 may
also be seen by a human eye 132 that integrates the light
pulses therefrom into light intensity levels proportional to the
pulse widths of these light pulses. The data reception device
122 may comprise the demodulator 124, a serial interface
126, e.g., UART, and a debugging or test processor 128. The
photo-detector 130 may be coupled to the demodulator 124
through node 134 of the data reception device 122.

It is contemplated and within the scope of this disclosure
that the node 112 of the IC device 102 may be coupled directly
to node 134 of the data reception device 122, wherein the
photo-detector 130 is no longer required for data reception by
the data reception device 122.

Referring to FIG. 2, depicted are schematic waveform tim-
ing diagrams to produce various LED light intensity outputs,
according to the teachings of this disclosure. The light inten-
sity that appears to a human eye 132 will be substantially
proportional to the integration of the pulse widths of the
plurality of light pulses from the LED 116. The LED 116 will
have a light output when current is flowing through the LED
116 and the integration of these plurality of light pulses is
indicated by the cross-hatched areas shown in FIG. 2. For
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example, pulse widths at a 50 percent duty cycle will produce
light from the LED 116 at about half maximum brightness.
Very high duty cycle pulse widths will produce light from the
LED 116 at about a maximum brightness. And very low duty
cycle pulse widths will produce light from the LED 116 at
about a minimum brightness. The minimum pulse widths
may be adjusted to point where the human eye 132 does not
substantially perceive a light output from the LED 116,
wherein the LED 116 will appear to be off to the human eye
132. Even at very low duty cycle (very small pulse widths) the
data embedded in the plurality of light pulses, represented by
arrows in the waveform timing diagrams of FIG. 2, will be
recoverable.

Referring to FIG. 3, depicted are schematic waveform tim-
ing diagrams for high and low LED light intensity outputs
when modulated with digital signals from a UART as shown
in FIG. 1, according to a specific example embodiment of this
disclosure. High and low levels, e.g., high and low voltages or
high and low currents, representing data may be generated
serially by the serial interface 106. A start pulse(s) may indi-
cate the start of a serial data transmission. The start portion of
the serial data transmission may be a plurality of low levels
(logic zeros) (only one low level shown). The serial interface
126 may initiate receive data acquisition by locking onto the
serial transmission clock rate that may be derived from the
start portion of serial data transmission comprising the plu-
rality of low levels (logic zeros).

Once the serial transmission clock rate has been deter-
mined and locked onto, each serial data symbol may be
decoded to be either a logic “1” (e.g., high level) or alogic “0”
(e.g., low level). As shown in FIG. 3, alogic “1” symbol may
be represented by a high level to a low level transition repre-
sented by a downward pointing arrow, and a logic “0” symbol
may be represented by a low level to a high level transition
represented by a upward pointing arrow. These level transi-
tions may be determined between sequential clock times,
represented by Ck1,Ck2, .. ., e.g., alevel transition occurring
between clock times may be decoded into either a logic “1” or
a logic “0”. For example, symbol decoding between clock
times Ck2:Ck3 shows a level transition from a low level to a
high level, indicating a data symbol representing a data “1”,
and between clock times Ck3:Ck4 and Ck:Ck5 shows level
transitions from high levels to low levels, indicating data
symbols representing two data bits, each having a logic “0”
data value. Level transitions at the clock boundaries may be
ignored as data symbols by the serial interface 126 but may be
used to maintain clock timing synchronization. It is contem-
plated and within the scope of this disclosure that a data
symbol representing “1” may also be a level transition from
high to low, and a data symbol representing “0” may also be
a level transition from low to high.

The light output from the LED 116 may be controlled by
the pulse widths of the logic high pulses thereto. The longer
the pulse widths (time durations) of high pulses, the brighter
the light output from the LED 116. For a high light output
from the LED 116, logic highs would be applied to the LED
116 for substantial portions of the waveform between the
clock times. Conversely, for a very low light output (substan-
tially no visual perception of light by a human eye 132) from
the LED 116, logic highs would be applied to the LED 116 for
substantially insignificant portions of the waveform between
the clock times. Light output levels in-between substantially
full light output and substantially no light output would be
approximately proportional to the pulse widths at the high
logic level, e.g., Vdd (power source voltage). The widths of
the pulses only affect the light intensity output from the LED
116 since data symbol detection occurs at logic level transi-
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tions between clock timing boundaries. The data coding may
be, for example but is not limited to, Manchester coding.

While embodiments of this disclosure have been depicted,
described, and are defined by reference to example embodi-
ments of the disclosure, such references do not imply a limi-
tation on the disclosure, and no such limitation is to be
inferred. The subject matter disclosed is capable of consider-
able modification, alteration, and equivalents in form and
function, as will occur to those ordinarily skilled in the per-
tinent art and having the benefit of this disclosure. The
depicted and described embodiments of this disclosure are
examples only, and are not exhaustive of the scope of the
disclosure.

What is claimed is:

1. A method for driving a light emitting diode (LED) and
optically transmitting digital information using a single node
of an integrated circuit device, said method comprising the
steps of:

generating a plurality of pulses from a single node of an
integrated circuit device, wherein the pukes are arranged
within consecutive constant periods, each period having
an ON time defined by a pulse and an OFF time; and

coupling the plurality of pulses from the single node of the
integrated circuit device to a light emitting diode (LED);

wherein the plurality of pulses from the single node of the
integrated circuit device control light intensity from the
LED and optically transmit digital information, wherein
the light intensity from the LED is substantially propor-
tional to pulse widths of the plurality of pulses and
wherein a bit is encoded within each period by either a
falling or rising edge.

2. The method according to claim 1, wherein for receiving

a transmitted digital information, a level transition at a period
boundary is ignored.

3. The method according to claim 1, wherein a start bit is
encoded by a hit sequence of consecutive logic “0”.

4. The method according to claim 2, wherein a start bit is
encoded by a bit sequence of consecutive logic “0”.

5. The method according to claim 1, wherein a rising edge
represents a logic 1 and a falling edge represents a logic 0.

6. The method according to claim 5, wherein falling edge
represents a logic 1 and a rising edge represents a logic 0.

7. The method according to claim 4, wherein the a rising or
falling edge occurs at a different position within a period
depending on a selected light intensity.

8. The method according to claim 1, further comprising the
steps of:

converting light pulses from the LED to electrical pulses
with a photo-detector;

coupling the electrical pulses from the photo-detector to a
data reception device; and

converting the electrical pulses from the photo-detector
back into the digital information.

9. An integrated circuit device, comprising:

a digital processor and memory;

a serial interface having an input coupled to the digital
processor;

a light emitting diode (LED) light intensity control circuit
having an input coupled to the digital processor, wherein
the LED intensity control circuit is configured to gener-
ate a pulse width modulated signal having a constant
period, wherein each period. having an ON time and an
OFF time;

a modulator having a first input coupled to an output of the
serial interface and a second input coupled to an output
of'the LED light intensity control circuit, wherein during
each period the modulator depending on a bit value
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6

outputs either said ON time followed by said OFF time

or said OFF time followed by said ON time; and

a single node coupled to an output of the modulator,
wherein the single node is configured to be coupled with
an LED operable to transmit data received from the
serial interface.

10. A system comprising the integrated circuit device
according to claim 9, further comprising the LED coupled to
the single node.

11. The system according to claim 10, further comprising a
current limiting resistor coupled between the LED and the
single node.

12. An integrated circuit device, comprising:

a digital processor and memory;

a serial interface having an output coupled to the digital

processor;

a demodulator having an output coupled to an input of the
serial interface and an input coupled to an external con-
nection which is configured to be coupled with a photo
detector, wherein the demodulator is configured to
demodulate a received signal by detecting consecutive
periods of the received signal and by determining a bit
value within each period depending on a rising or falling
edge within said period, wherein a level transition at a
period boundary is ignored.

13. The integrated circuit device according to 12, wherein

a start bit is encoded by a bit sequence of consecutive logic
“0”.

14. The integrated circuit or method according to claim 12,
wherein a minimum light intensity comprise pulses with an
ON time that are invisible to the human eye.

15. The integrated circuit according to claim 12, wherein a
rising edge represents a logic 1 and a falling edge represents
alogic 0.

16. The integrated circuit according to claim 12, wherein a
falling edge represents a logic 1 and a rising edge represents
alogic 0.

17. A system comprising:

a transmitter comprising a first integrated circuit (102)

which comprises:

a digital processor and memory;

a serial interface having an input coupled to the digital
processor;

a light emitting diode (LED) light intensity control cir-
cuit having an input coupled to the digital processor,
wherein the LED light intensity control circuit is con-
figured to generate a pulse width modulated signal
having a constant period, wherein each period having
an ON time and an OFF time;

a modulator having a first input coupled to an output of
the serial interface and a second input coupled to an
output of the LED light intensity control circuit,
wherein during each period the modulator depending
on a bit value outputs either said ON time followed by
said OFF time or said OFF time followed by said ON
time; and

a single node coupled to an output of the modulator;

an LED coupled with the single output;

a photo detector;

a receiver coupled with the photo detector, comprising an
integrated circuit (122) which comprises:

a digital processor and memory;

a serial interface having an output coupled to the digital
processor; and

a modulator having an output coupled to an input of the
serial interface and an input coupled to an external
connection which is configured to be coupled with the
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photo detector, wherein the modulator is configured

to demodulate a received signal by detecting consecu-
tive periods of the received signal and by determining

a bit value within each period depending on arising or
falling edge within said period, wherein a level tran- 5
sition at a period boundary is ignored.

#* #* #* #* #*
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